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Description 

FjELD OF THE INVENTION. AND RELATED ART 

s The present invention relates to a recording method and a recording apparatus having a process step by which a 
bubble produced by thermal energy communicatee with ambience, more particularly to a recording method and appa- 
ratus such as a printer or recording images or characters on paper or cloth (recording material) in accordance with a 
recording signal, a copying machine, a facsimile machine having an information transmitting system, an electronic type- 
writer having a keyboard, a wordprocessor, or a compound system or the like. 

io Among various recording methods which have been put into practice for various printers, an ink jet system as dis- 
closed in U.S. Patents Nos. 4,723,129, 4,740,796 or the like, which uses thermal energy to produce film boiling, is 
advantageous. In one of the types a liquid passage is not blocked by the bubble in U.S. Patent No. 4,410,899. 

The prior art is applicable to various recording systems, but they do not disclose or teach, to the practical level, the 
system wherein the created bubble communicates with the ambience. This system will be called "ambience communi- 

15 cation system". 

As one type of the ambience communication system, there is a system in which the bubble explodes. However, 
since the liquid ejection is not stabilized, it is not practical. Japanese Laid-Open Patent Application No. 161935/1979 
discloses a cylindrical nozzle provided with internal cylindrical heater in which the nozzle is blocked by the bubble, 
although the ejection principle is not known, but it splashes a great number of fine ink droplets as well as the relatively 
20 large major droplet. 

Japanese Laid-Open Patent Application No. 185455/1986 discloses that liquid ink is filled in a small clearance 
between a heat generating head and a plate member having small openings and is heated by the heat generating head 
to create a bubble to eject a droplet of the ink through the fine opening. Also, the gas forming the bubble is ejected 
through the fine opening. By doing so, an image is formed on a recording material. 
25 Japanese Laid-Open Patent Application No. 249768/1 986 discloses that a bubble is formed by application of ther- 
mal energy to liquid ink. By the expansion force of the bubble, a small droplet of the ink is formed and ejected. Simulta- 
neously, the gas forming the bubble is ejected through a large opening into the atmosphere. By doing so, an image is 
formed on the recording material. The system of this publication is characterized by the absence of the wall. 

These two publications at most discloses the ambience communication system by simply stating so or by simply 
so expressing in the drawing. The details of the bubble are not considered. 

Japanese Laid-Open Patent Application No. 197246/1986 discloses recording apparatus using thermal energy, in 
which the ink is supplied into plural bores and is heated by a recording head having heat generating means to the tem- 
perature of 150 - 200 °C, by which a droplet of the ink is ejected onto the recording material. However, in the recording 
apparatus of this type, it is difficult to completely closely dispose the heat generating element and the recording 
35 medium, and therefore, the thermal efficiency is not as good as expected, and therefore, it is not suitable for a high 
speed recording, as the case may be. This publication discloses ejection of the ink using the pressure of the created 
bubble, but it does not disclose the specific principles of ejection. Therefore, any solution to the problem is not even sug- 
gested. This publication shows in its Figure 3 the growth of the bubble, in which the bubble growth from a point, and 
therefore, it is understood that the bubble is created by an extension of the nuclear boiling. In addition, the communica- 
te tion between the bubble and the air occurs in a space away from the ejection outlet, and therefore, the ejection behavior 
is not stabilized in addition, the ink remains around the ejection outlet. 

_SUMMARYOFTHE .INVENTION 

45 The present invention is intended to provide a practical solution to the problems with the ambience communication 
system ink jet recording apparatus. The present invention is based on new investigations and analysis as to the prefer- 
able conditions under which the bubble communicates with the ambience. 

Accordingly, it is a principal object of the present invention to provide a recording method and apparatus wherein 
the splashing of the liquid due to the explosion of the bubble is suppressed. 

so It is another object of the present invention to provide a recording method and apparatus wherein the liquid droplet 
formation is stabilized. 

It is a further object of the present invention to provide a recording method and a recording apparatus wherein the 
bubble communicates with the ambience under preferable conditions. 

It is a further object of the present invention to provide a recording method and apparatus wherein the bubble com- 
55 municates with the ambience under such a condition that the volume and the speed of the ejected droplet are stabilized. 

It is a further object of the present invention to provide an on-demand recording method and a on-demand type 
recording apparatus wherein plural ejection outlets are arranged at a high density without the problem of undesirable 
temperature rise. 

It is a further object of the present invention to provide an on-demand recording method and an on-demand record- 
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ing apparatus which is excellent in the image quality and in the high frequency response. 

It is a further object of the present invention to provide a recording method and a recording apparatus having a long 
service life. 

It is a further object of the present invention to provide a recording method and a recording apparatus which is sta- 
5 ble in the recording operation. 

It is a further object of the present invention to provide a recording method and a recording apparatus which have 
plural liquid passages with good refilling property. 

According to an aspect of the present invention, there is provided a liquid jet recording method as defined in claim 

1. 

ro According to another aspect of the present invention, there is provided a liquid jet recording apparatus as defined 
in claim 3. 

These and other objects, features and advantages of the present invention will become more apparent upon a con- 
sideration of the following description of the preferred embodiments of the invention taken in conjunction with the 
accompanying drawings. 

15 

BRJEF DESC_R]PTIQN_OF THE_DRAWI_N_GS 

Figures 1 A, 1B and 1 C schematically illustrate communication of a bubble with the ambience (atmosphere); Figure 
1 B is a sectional view along a plane including the longitudinal center, and Figure 1 C is a sectoinal view similar to Fugure 

20 1 B but taken-along a plane closer to a lateral wall. Figure 2 illustrates a method of measuring a volume of a droplet. 
Figure 3 shows a top plan view and a side view of the ejected liquid and a graph of the volume of the ejected liquid. 
Figure 4 illustrates a recording head according to an embodiment of the present invention. Figure 5 shows a recording 
head according to another embodiment of the present in-vention. Figures 6A P 6B, 6C, 6D and 6E are graphs of the 
changes of the interval pressure and the volume of a bubble with time in the recording apparatus and record ing method 

25 according to a specific embodiment according to the present invention. Figure 7 illustrates ejec-tion of the liquid in a 
recording method and a record ing apparatus according to another specific embodiment of the present invention. Fig- 
ures 8A and 8B are graphs showing performance of a recording method and a recording apparatus according to a fur- 
ther specific embodiment of the present invention. Figures 9A and 18A are perspective views of recording heads 
according to embodiments of the present invention. Figures 9B, 10, 11, 12, 13, 14, 15, 16, 17, 18B, 19 and 20 show the 

30 recording heads according to embodiments of the present invention. Figure 21 is a graph of the change of a ratio 
(front and back sides of the bubble). Figures 22A and 22B illustrate movement of the leading edge of the bubble per unit 
time. In Figure 22A, the left side views are top plan views; and the right side views are side views at the corresponding 
time. 

35 DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Figures 1 A and 1 B shows typical examples of liquid passages using the present invention. However, the present 
invention is not limited to these structures, as will be understood from the descriptions which will be made hereinafter. 

In Figure 1 A p a heat generating resistor layer 2 is provided on a unshown base plate, and a plurality of ejection out- 
40 lets 5 are provided at an edge of the base plate. A selecting electrodes E1 and a common electrode E2 have the known 
structures. Designated by reference characters D and C are a protection layer and a common liquid chamber, respec- 
tively. 

In response to electric signals in the form of pulse signals in accordance with the recording signals supplied by the 
electrodes E1 and E2, the temperature of the heat generating portion between the electrodes E1 and E2 instarrtane- 

45 ously rises to cause film boiling (not less than 300 °C), by which a bubble 6 is produced. In the embodiments of the 
present invention, the bubble 6 communicates with the ambience at its edge A adjacent the heat generating resistor 
layer 2 to produce a stabilized liquid droplet (broken line 7). Since the bubble communicates with the ambience (atmos- 
pheric air) adjacent the edge of the ejection outlet opening 5, the droplet of the ink can be created without splashing of 
the liquid and without the production of the mist. The thus produced droplet of the liquid is ejected at deposited on the 

so recording material. 

The recording principle is such that the liquid passage B is not completely blocked by the bubble 6 during the 
growth thereof. So, the ink refilling after the ejection is effected in good order. The accumulated heat by the high tem- 
perature (not less than 300 °C) is ejected into the ambience, and therefore, the frequency of the response is increased. 

In Figure 1 B, the common liquid chamber C is not shown. The liquid passage B is bent, as contrasted to Figure 1 A 
55 structure, and the heat generating resistor 2 is provided on the surface of the base plate at the bent portion. The ejection 
outlet has a cross-section decreasing in the direction of the ejection and is faced to a heat generating resistor 2. The 
ejection outlets are formed in an orifice plate OR 

Similarly to the structure of Figure 1 A, the film boiling (not less than 300 °C) is caused, by which the bubble 6 devel- 
ops to displace the ink in the thickness of the orifice plate OP. The bubble 6 communicates with the ambience in a region 
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between A1 which is an outside edge of the ejection outlet opening 5 and A2 which is adjacent to the ejection outlet 
opening. With this state of communication, a stabilized liquid droplet as shown by the broken line 7 can be ejected along 
the center of the ejection outlet without the splashing of the liquid and without the production of the mist. The growth of 
the bubble does not block the liquid passage. More particularly, as will be understood from Figure 1 C, when the bubble 

5 communicates with the ambience, the bubble does not completely block the passage. Rather, the liquid which is going 
to constitute the droplet in partly connected with the liquid in the liquid passage. This increases the speed of the refilling 
of the liquid in the passage. In addition, the connection between the outside liquid and the inside liquid is effective to 
provide good shape of the droplet as shown in Figure 1 B by the reference numeral 7, so that the satellite droplets are 
formed in a stabilized manner. Furthermore, the liquid not required to displace toward the ejection outlet can remain in 

w the liquid passage as the mass of the liquid continuing the other remaining liquid, and therefore, the volume and the 
speed of the droplet 7 can be stabilized. 

In the embodiments of the present invention, the bubble develops at a high speed toward the ejection outlet using 
the stabilized film boiling (particularly not less than 300 °C), and therefore, the high speed recording is possible with 
high stability with the aid of good refilling property of the liquid passage which is not blocked by the bubble. 

is The description will be made as to the preferable conditions which may be incorporated individually or in combina- 
tion in the structures shown in Figure 1 A or 1 B to provide significantly better liquid droplet formation. 

The first condition is that the bubble communicates with the ambience under the condition that the internal pressure 
of the bubble is lower than the ambient pressure. The communication under such a condition is preferable since then 
the instable liquid adjacent the ejection outlet is prevented from scattering, although such liquid is scattered when the 

20 condition is not satisfied. In addition, it is advantageous in that the force, if not large, is applied to the instable liquid in 
the backward direction, by which the liquid ejection is further stabilized, and the unnecessary liquid splash can be sup- 
pressed. 

The second condition is that the bubble communicates with the ambience under the condition that the first order 
differential of a movement speed of the front edge (the edge adjacent to the ejection outlet) of the bubble is negative. 
25 The third condition is that the bubble communicates with the ambience under the condition of ] J\ b > 1 , where !a 
is a distance from an ejection outlet side edge of the ejection energy generating means to the ejection outlet side edge 
of the bubble, and t is a distance from that edge of the energy generating means remote from the ejection outlet to that 
edge of the bubble remote from the ejection outlet It is further preferable that the second and third conditions are simul- 
taneously satisfied. 

30 Referring to Figures 2 and 3, the description will be made as the method of measurement. 

First, the measuring method of ink volume Vd outside the ejection outlet will be dealt with. The configurations of the 
liquid droplet at the respective times after the ejection are determined by observation through a microscope 32 while 
the liquid droplet being ejected through the ejection outlet is illuminated with pulse light using a proper light source 31 
such as stroboscope, LED or laser. More particularly, the recording head is driven continuously at a constant frequency, 

35 and the pulse light is emitted in synchronism with the driving pulse and with a predetermined delay, by which the con- 
figuration of the liquid droplet projected in a direction after a predetermined period from the ejection can be determined. 
At this time, the pulse width of the pulse light is desirably as small as possible, provided that the quantity of light suffi- 
cient for the measurement is assured, since then the measurement is accurate. The volume of the droplet can be meas- 
ured on the basis of measurement in one direction. However, for further accuracy, the following method is desirable. 

40 Referring to Figure 2, the projective configurations of the ejected liquid droplet is observed through the microscope 
simultaneously in orthogonal directions y and z which are perpendicular to the X-axis, which is the ejection direction of 
the liquid droplet, while the droplet is illuminated with the pulse light described above. The direction y of the measure- 
ment through the microscope or the direction z is preferably parallel to the direction of the array of the ejection outlets. 
Referring to Figure 3, the widths a(x) and b(x) of the liquid droplet, along the X-axis, of the liquid droplet is meas- 

45 ured on the images obtained in the two directions ((a) and (b)). Using the widths as the function of x, the volume Vd of 
the liquid droplet after a predetermined period after the ejection can be calculated by the following equation: 

Vd = (7i/4)Ja(x) - b(x)dx 

so The equation is based on approximation of y-z cross-section to an oval shape. The approximation provides suffi- 
ciently high accuracy for the calculations for the liquid droplet or the bubble volume which will be described hereinafter. 

Further, by gradually changing the delay period of the pulse light from zero, the change of the droplet volume Vd 
after the application of the driving pulse. 

The same applied to the measurement of the bubble volume in the liquid passage. 
55 After the preparation is made for observation of the bubble in the liquid passage, it is illuminated with pulse light in 
the two directions in the same manner as in the method of measuring the droplet volume, so that the projective config- 
urations are determined. Then, using the above equation, the volume can be determined. 

In order to determine the behavior of the liquid droplet or the bubble, the required time resolution power is approx- 
imately 0.1 micro-sec. In consideration of this, the pulse light source is in the form of an infrared LED, and the pulse 
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width thereof is approximately 50 msec. An infrared camera is connected to the microscope to photograph the image, 
from which the above-described a(x) and b(x) are determined. Then, the above-described equation is used. 

In another method, a gas flow is used to determine which is larger the internal pressure of the bubble or the ambient 
pressure. This will be described. 

5 In this method, the gas flow (motion of the gas) resulting from the pressure difference between the inside and out- 

side of the bubble at the instance when the bubble communicates with the ambience in the following method. A fine tuft 
is disposed adjacent the ejection outlet, and the motion of the tuft caused by the gas flow is observed by the micro- 
scope. Otherwise, the change in the density of the air adjacent the ejection outlet caused by the flow is detected through 
an optical method or the like such as Schlieren method, Mach-Zehnder interferometer method or hologram method or 

io the like. 

If an outward gas flow from the liquid passage side is observed at the instance when the bubble communicates with 
the ambience by the method, it is understood that Hie communication occurs when the internal pressure of the bubble 
is higher than the ambient pressure. If an inward gas flow into the liquid passage is observed, it is understood that the 
communication occurs when the internal pressure of the bubble is lower than the ambient pressure. 
15 The description will be made as to the structure of the recording head used in the present invention. 

Figures 4A and 4B are a perspective view of a preferable recording head before the assembling thereof and a top 
plan view thereof. In Figure 4B, the top plate shown in Figure 4A is omitted. 

The structure of the recording head shown in Figures 4A and 4B will be described. It comprises a base member 1 
having walls 8, and a top plate 4 secured on the tops of the walls 8. By the joining, both of the liquid passages 1 2 and 
20 the common liquid chamber 1 0 are formed. The top plate 4 is provided with a supply opening 1 1 for supplying the ink, 
and the ink is supplied into the liquid passage 1 2 through the common liquid chamber 10 to which the liquid passages 
12 communicates. 

The base member 1 is provided with heaters 2, and for each of the heaters 2, the liquid passages are formed. The 
heater 2 has a heat generating resistor layer (not shown) and an electrode (not shown) electrically connected with the 
25 heat generating resistor layer. The heater 2 is energized through the electrode in accordance with the recording signal. 
Upon the energization, the heater 2 generates thermal energy to supply the thermal energy to the ink supplied into the 
liquid. The thermal energy produces a bubble in the ink in accordance with the recording signal. 
Another structure of the recording head usable with the present invention will be described. 
Referring to Figures 5A and 5B, there is shown a sectional view of the recording head and a top plan view. The dif- 
30 ference of the recording head from the recording head shown in Figure 5 that the ink supplied into the liquid passage 
is ejected along or substantially along the liquid passage direction, whereas in Figures 5A and 5B, the ink is ejected at 
an angle from the ink passage (the ejection outlet is formed directly above the heater). 

In Figures 5A and 5B, the same reference numerals as in the Figures 4A and 4B are assigned to the elements hav- 
ing the corresponding functions. 
35 in Figures 5a and 5B, the ejection outlets 5 are formed in an orifice plate 16, and it integrally has walls 9 between 
the ejection outlets 5. 

Figures 6(a), 6(b), 6(c), 6(d) and 6(e) are graphs of bubble internal pressure vs. volume change with time in a first 
specific liquid jet method and apparatus according to a first specific embodiment of the present invention. 
This aspect of the present invention is summarized as follows: 

40 

(1) A liquid jet method wherein a bubble is produced by heating ink to eject at least a part of the ink by the bubble, 
and wherein the bubble communicates with the ambience under the condition that the internal pressure of the bub- 
ble is not higher than the ambient pressure. 

(2) A recording apparatus including a recording head having an ejection outlet through which at least a part of ink 
45 is discharged by a bubble produced by heating the ink by an ejection energy generating means, a driving circuit for 

driving the ejection energy generating means so that the bubble communicates with the ambience under the con- 
dition that the internal pressure of the bubble is not more than the ambient pressure, and a platen for supporting a 
recording material to face the ejection outlet. 

so According to the specific embodiment of the present invention, the volume and the speed of the discharged liquid 
droplets, so that the splash or mist which is attributable to the incapability of sufficiently high speed record can be sup- 
pressed. The contamination of the background of images can be prevented. When the present invention is embodied 
as an apparatus, the contamination of the apparatus can be prevented. The ejection efficiency is improved. The clog- 
ging of the ejection outlet or the passage can be prevented. The service life of the recording head is expanded with high 

55 quality of the print. 

Referring to Figure 7, the principle of liquid ejection will be described, before Figures 6A - 6D are described. The 
liquid passage is constituted by a base 1 , a top plate 4 and an unshown walls. 

Figure 7, (a) shows the initial state in which the passage is filled with ink 3. The heater 2 (electro-thermal trans- 
ducer, for example) is instantaneously supplied with electric current, the ink adjacent the heater 2 is abruptly heated by 
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the pulse of the current, upon which a bubble 6 is produced on the heater 2 by the so-called film boiling, and the bubble 
abruptly expands (Figure 7(b)). The bubble continues to expand toward the ejection outlet 5, that is, in the direction of 
low irrtertia resistance. It further expands beyond the outlet 5 so that it communicates with the ambience (Figure 7(c)). 
At this time, the ambience is in equilibrium with the inside of the bubble 6, or it enters the bubble 6. 

s The ink 3 pushed out by the bubble through the outlet 5 moves forward further by the momentum given by the 
expansion of the bubble, until it becomes an independent droplet and is deposited on a recording material 101 such as 
paper (Figure 7, (d)). The cavity produced adjacent the outlet 5 is supplied with the ink from behind by the surface ten- 
sion of the ink 3 and by the wetting with the member defining the liquid passage, thus restoring the initial state (Figure 
7, (e)). The recording medium 101 is fed to the position faced to the ink ejection outlet 5 on a platen by means of the 

io platen, roller, belt or a suitable combination of them. As an alternative, the recording material 101 may be fixed, while 
the outlet (the recording head) is moved, or both of them may be moved to impart relative movement therebetween. 
What is required in the relative movement therebetween to face the outlet to a desired position of the recording material. 

In Figure 7, (c), in order that the gas does not move between the bubble 6 and the ambience, or the ambient gas 
or gasses enter the bubble, at the time when the bubble 6 communicates with the ambience, it is desirable that the bub- 

15 We communicates with the ambience under the condition that the pressure of the bubble is equal to or lower than the 
ambient pressure. 

In order to satisfy the above, the bubble is made to communicate with the ambience in the period satisfy t ^ t1 in 
Figure 6, (a). Actually, however, the relation between the bubble internal pressure and the bubble volume with the time 
is as shown in Figure 6, (b), because the ink is ejected by the expansion of the bubble. Thus, the bubble is made to com- 
20 municate with the ambience in the time satisfying t = to (t1 ^tb) in Figure 6, (c). 

The ejection of the droplet under this condition is preferable to the ejection with the bubble internal pressure higher 
than the ambient pressure (the gas ejects into the ambience), in that the contamination of the recording paper or the 
inside of the apparatus due to the ink mist or splash. Additionally, the ink acquires sufficient energy, and therefore, a 
higher ejection speed, because the bubble communicates with the ambience only after the volume of the bubble 
25 increases. 

In addition, it is further preferable to let the bubble communicate with the ambience under the condition that the 
bubble internal pressure is lower than the external pressure, since the above-described advantages are further 
enhanced. 

The lower pressure communication is effective to prevent the unstabilized liquid adjacent the outlet from splashing 
so which otherwise is liable to occur. In addition, it is advantageous in that the force, if not large, is applied to the unstabi- 
lized liquid in the backward direction, by which the liquid ejection is further stabilized, and the unnecessary liquid splash 
can be suppressed. 

In a first specific embodiment, the recording head has the heater 2 adjacent to the outlet 5. This is the easy 
arrangement to make the bubble communicate with the ambience. However, the above-described preferable condition 
35 is not satisfied by simply making the heater 2 close to the outlet. The proper selections are made to satisfy it with 
respect to the amount of the thermal energy (the structure, material, driving conditions, area or the like of the heater, 
the thermal capacity of a member supporting the heater, or the like), the nature of the ink, the various sizes of the 
recording head (the distance between the ejection outlet and the heater, the widths and heights of the outlet and the 
liquid passage). 

40 As a parameter for effectively embodying the first specific embodiment, there is a configuration of the liquid pas- 
sage, as described hereinbefore. The width of the liquid passage is substantially determined by the configuration of the 
used thermal energy generating element, but it is determined on the basis of rule of thumb. However, it has been found 
that the configuration of the liquid passage is significantly influential to growth of the bubble, and that it is an effective 
factor. 

45 It has been found that the communicating condition can be controlled by changing the height of the liquid passage. 
To be less vulnerable to the ambient condition or the like and to be more stable, it is desirable that the height of the liquid 
passage is smaller than the width thereof (H < W). 

It is also desirable that the communication between the bubble and the ambience occurs when the bubble volume 
is not lees than 70 %, further preferably, not less than 80 % of the maximum volume of the bubble or the maximum vol- 
so ume which will be reached before the bubble communicates with the ambience. 

The description will be made as to the method of measuring the relation between the bubble internal pressure and 
the ambient pressure. 

It is difficult to directly measure the pressure in the bubble and therefore, the pressure relation between them is 
determined in one or more of the following manner. 
55 First, the description will be made as to the method of determining the relation between the internal pressure and 
the ambient pressure on the basis of the measurements of the change, with time, of the bubble volume and the volume 
of the ink outside the outlet. 

The volume V of the bubble is measured from the start of the bubble creation to the communication thereof with the 
ambience. Then, the second order differential d^ytft 2 is calculated, by which the relation (which is larger) between the 
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internal pressure and the ambient pressure is known, because if d 2 V/dt 2 > 0 P the internal pressure of the bubble is 
higher than the external pressure, and if d^/dt 2 ^ 0, the internal pressure is equal to or less than the external pressure. 
Referring to Figure 6, (c), from the time t = 1 0 to the time t = 1 1 , the internal pressure is higher than the external pres- 
sure, and d 2 VMt 2 > 0; from the time t = t n to the time t = t b (occurrence of communication), the internal pressure is 

5 equal to or less than the ambient pressure, and d^/dt 2 ^. Thus, by determining the second order differential of the vol- 
ume V, (d^/dt 2 ), the higher one of the internal and external pressure is determined. 

Here, it is required that the bubble can be observed directly or indirectly from the outside. In order to permit observ- 
ance of the bubble externally a part of the recording head is made of transparent material. Then, the creation, devel- 
opment or the like of the bubble is observed from the outside. If the recording head is of non-transparent material, a top 

ro plate or the like of the recording head may be replaced with a transparent plate. For the better replacement from the 
standpoint of equivalency, the hardness, elasticity and the like are as close as possible with each other. 

If the top plate of the recording head is made of metal, non-transparent ceramic material or colored ceramic mate- 
rial, it may be replaced with transparent plastic resin material (transparent acrylic resin material) plate, glass plate or 
the like. The part of recording head to be replaced and the material to replace are not limited to the described above. 

is In order to avoid difference in the nature of the bubble formation or the like due to the difference in the nature of the 
materials, the material to replace preferably has the wetting nature relative to the ink or another nature which is as close 
as possible to that of the material. Whether the bubble creation is the same or not may be confirmed by comparing the 
ejection speeds, the volumes of ejected liquid or the like before and after the replacement. If a suitable part of the 
recording head is made of transparent material, the replacement is not required. 

20 Even if any suitable part cannot be replaced with another material, it is possible to determine which of the internal 
pressure and the external pressure is larger, without the replacement. This method will be described. 

In another method, in the period from the start of the bubble creation to the ejection of the ink, the volume Vd of the 
ink is measured, and the second order differential d 2 Vd/dt 2 is obtained. Then, the relation between the internal pressure 
and the external pressure can be determined. More specifically, if d^d/dt 2 > 0, the internal pressure of the bubble is 

25 higher than the external pressure, and if d 2 Vd7dt 2 ^ 0, the internal pressure is equal to or less than the external pres- 
sure. Figure 6, (d) shows the change, with time, of the first order differential dVd/dt of the volume of the ejected ink when 
the bubble communication occurs with the internal pressure higher than the external pressure. From the start of the 
bubble creation (t ■ 1 0 ) to the communication of the bubble with the ambience (t = ta ), the internal pressure of the bub- 
ble is higher than the external pressure, and d 2 Vd/dt 2 > 0. Figure 6, (e) shows the change, with time, of the first order 

30 differential dVd/dt of the volume of the ejected with when the bubble communication occurs with the internal pressure 
is equal to or lower than the external pressure. From the start of the bubble creation (t = t 0 ) to the communication of 
the bubble with the ambience (t = t 1 ), the internal pressure of the bubble is higher than the external pressure, and 
d 2 Vd/dt 2 = 0. However, in the period from t = tp to t = t b the bubble internal pressure is equal to on lower than the 
external pressure, and d^d/dt 2 ^ 0. 

35 Thus, on the basis of the second order differential d 2 Vd/dt 2 , it can be determined which is higher the internal pres- 
sure or the external pressure. 

The description will be made as to the measurement of the volume Vd of the ink outside the ejection outlet. The 
configuration of the droplet at any times after the ejection can be determined on the basis of observation, by a micro- 
scope, of the ejecting droplet while it is illuminated with a light source such as stroboscope, LED or laser. The pulse light 

40 is emitted to the recording head driven at regular intervals, with synchronization therewith and with a predetermined 
delay. By doing so, the configuration of the bubble as seen in one direction at the time which is the predetermined period 
after the ejection, is determined. The pulse width of the pulse light is preferably as small as possible, provided that the 
quantity of the light is sufficient for the observation, since then the configuration determination is accurate. 

With this method, if the gas flow is observed in the external direction from the liquid passage at the instance when 

45 the bubble communicates with the ambience, it is understood that the communication occurs when the internal pres- 
sure of the bubble is higher than the ambient pressure. If the gas flow into the liquid passage is observed, it is under- 
stood that the communication occurs when the bubble internal pressure is lower than the ambient pressure. 

As for other preferable conditions, the bubble communicates with the ambience when the first order differentiation 
of the movement speed of an ejection outlet side end of the bubble is negative, as shown in Figure 8; and the bubble 

so communicates with the ambience when I a /l b ^ 1 is satisfied where la is a distance between an ejection outlet side 
end of the ejection energy generating means and an ejection outlet side end of the bubble, and ^ is a distance between 
that end of the ejection energy generating means which is remote from the ejection outlet and that end of the bubble 
which is remote from the ejection outlet. It is further preferable that both of the above conditions are satisfied when the 
bubble communicates with the ambience. 

55 Referring to Figure 7, there is shown the growth of the bubble in a liquid jet method and apparatus according to a 
second specific embodiment of the present invention. 
The specific embodiment is summarized as follows: 

(3) A recording method using a recording head including an ejection outlet for ejecting ink, a liquid passage com- 
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municating with the ejection outlet and an ejection energy generating means for generating thermal energy contrib- 
utable to ejection of the ink by creation of a bubble in the liquid passage, wherein the bubble communicates with 
the ambience when J a /J b ^ 1 is satisfied where U is a distance between an ejection outlet side end of the ejection 
energy generating means and an ejection outlet side end of the bubble, and t is a distance between that end of the 
5 ejection energy generating means which is remote from the ejection outlet and that end of the bubble which is 

remote from the ejection outlet. 

(4) A recording apparatus including a recording head having an ejection outlet for ejecting ink, a liquid passage 
communicating with the ejection outlet and ejection energy generating means for generating thermal energy con- 
tributable to ejection of the ink by creation of a bubble in the liquid passage, a driving circuit for supplying a signal 
io to said ejection energy generating means so that the bubble communicates with the ambience when J a /J b ^ 1 is 
satisfied where U is a distance between an ejection outlet side end of the ejection energy generating means and 
an ejection outlet side end of the bubble, and lb is a distance between that end of the ejection energy generating 
means which is remote from the ejection outlet and that end of the bubble which is remote from the ejection outlet, 
a platen for supporting a recording material for reception of the liquid ejected. 

15 

Figure 7, (a) shows the initial state in which the passage is filled with ink 3. The heater 2 (electro-thermal trans- 
ducer, for example) is instantaneously supplied with electric current, the ink adjacent the heater 2 is abruptly heated by 
the pulse of the current in the form of the driving signal from the driving circuit, upon which a bubble 6 is produced on 
the heater 2 by the so-called film boiling, and the bubble abruptly expands (Figure 7(b)). The bubble continues to 

20 expand toward the ejection outlet 5 (Figure 7(c)), that is, in the direction of low irrtertia resistance. It further expands 
beyond the outlet 5 so that it communicates with the ambience (Figure 7(d)). Here, the bubble 6 communicates with the 
ambience when ] a /l b ^ 1 is satisfied, where la is a distance from an ejection outlet side end of the heater 2 functioning 
as the ejection energy generating means and an ejection outlet side end of the bubble 6, and lb is a distance from that 
end of the heater 2 remote from the ejection outlet and that end of the bubble 6 which is remote from the ejection outlet. 

25 The ink 3 pushed out by the bubble through the outlet 5 moves forward further by the momentum given by the 
expansion of the bubble, until it becomes an independent droplet and is deposited on a recording material 101 such as 
paper (Figure 7, (e)). The cavity produced adjacent the outlet 5 is supplied with the ink from behind by the surface ten- 
sion of the ink 3 and by the wetting with the member defining the liquid passage, thus restoring the initial state (Figure 
7, (f)). The recording medium 101 is fed to the position faced to the ink ejection outlet 5 on a platen by means of the 

so platen, roller, belt or a suitable combination of them. As an alternative, the recording material 101 may be fixed, while 
the outlet (the recording head) is moved, or both of them may be moved to impart relative movement therebetween. 
What is required in the relative movement therebetween to lace the outlet to a desired position of the recording material. 

If the liquid is ejected in accordance with the principle described above, the volume of the liquid ejected through the 
ejection outlet is constant at all times, since the bubble communicates with the ambience. When it is used for the record- 

35 ing, a high quality image can be produced without non-uniformity of the image density. 

Since the bubble communicates with the ambience under the condition of J a / 1 b ^ 1 , the kinetic energy of the bub- 
ble can be efficiently transmitted to the ink, so that the ejection efficiency is improved. 

Furthermore, when the liquid is ejected under the above-described conditions, the time required for the cavity pro- 
duced adjacent to the ejection outlet after the liquid is ejected is filled with new ink, can be reduced as compared with 

40 the liquid (ink) is ejected under the condition of l a /l b < 1 , and therefore, the recording speed is further improved. 

The description will be made as to the method of measuring the distances ^ and Jb when the bubble communicates 
with the ambience in the second specific embodiment. For example, in the case of the recording head shown in Figure 
7, the top plate 4 is made of transparent glass plate. The recording head is illuminated from the above by a light source 
capable of pulsewise light emission such as stroboscope, laser or LED. The recording head is observed through micro- 

45 scope. 

More particularly, the pulsewise light source is turned on and off in synchronism with the driving pulses applied to 
the heater, and the behavior from the creation of the bubble to the ejection of the liquid is observed, using the micro- 
scope and camera. Then, the distances ^ and lb are determined. 

The width of the liquid passage is substantially determined by the configuration of the used thermal energy gener- 
so ating element, but it is determined on the basis of rule of thumb. However, it has been found that the configuration of 
the liquid passage is significantly influential to growth of the bubble, and that it is an effective factor for the above con- 
dition of the thermal energy generating element in the passage in teh second specific embodiment. 

Using the height of the liquid passage, the growth of the bubble may be controlled so as to satisfy J a /J b ^ 1 , pref- 
erably l a /l b == 2 , and further preferably l a /l b == 4 . It has been found that the liquid passage height H is smaller than 
55 at least the liquid passage width W (H<W), since then the recording operation is less influenced by the ambient condi- 
tion or another, and therefore, the operation is stabilized. This is because the communication between the bubble and 
the ambience occurs by the bubble having an increased growing speed in the interface at the ceiling of the liquid pas- 
sage, so that the influence of the internal wall to the liquid ejection can be reduced, thus further stabilizing the ejection 
direction and speed. In the second specific embodiment, it has been found that H ^ 0.8W is preferable since then the 



9 



EP0 641 654 B1 



ejection performance does not change, and therefore, the ejection is stabilized even if the high speed ejection is 
effected for a long period of time. 

Furthermore, by satisfying H ^ 0.65W, a highly accurate deposition performance can be provided even if the 
recording ejection is quite largely changed by carrying different recording information. 
5 It is further preferable in addition to the above conditions that the first order differential of the moving speed of the 

ejection outlet side end of the bubble is negative, when the bubble communicates with the ambience. 

Referring to Figure 8, there is shown the change, with time, of the internal pressure and the volume of the bubble 
in a liquid jet method and apparatus according to a third specific embodiment of the present invention. The third specific 
embodiment is summarized as follows: 

10 

(5) A liquid jet method using a recording head having an ejection outlet for ejecting ink, a liquid passage communi- 
cating with the ejection outlet and an ejection energy generating element for generating thermal energy contribut- 
able to the ejection of the ink by creation of a bubble in the liquid passage, wherein a first order differential of a 
movement speed of an ejection outlet side end of the created bubble is negative, when the bubble created by the 

is ejection energy generating means communicates with the ambience through the ejection outlet. 

(6) A liquid jet apparatus comprising a recording head having an ejection outlet for ejecting ink, a liquid passage 
communicating with the ejection outlet and an ejection energy generating element for generating thermal energy 
contributable to the ejection of the ink by creation of a bubble in the liquid passage, a driving circuit for supplying a 
signal to the ejection energy generating means so that a first order differential of a movement speed of an ejection 

20 outlet side end of the created bubble is negative, when the bubble created by the ejection energy generating means 
communicates with the ambience through the ejection outlet, and a platen for supporting a recording material for 
reception of the liquid ejected. 

The third specific embodiment provides a solution to the problem solved by the first specific embodiment, by a dif- 
25 ferent method. The major problem underlying this third specific embodiment is that the ink existing adjacent the com- 
municating portion between the bubble and the ambience is over-accelerated with the result of the ink existing there is 
separated from the major part of the ink droplet. If this separation occurs, the ink adjacent thereto is splashed, or is scat- 
tered into mist. 

In addition, the where the ejection outlets are arranged at a high density, improper ejection will occur by the depo- 
30 sition of such ink. The third specific embodiment is based on the finding that the drawbacks are attributable to the accel- 
eration. 

More particularly, it has been found that the problems arise when the first order differential of the moving speed of 
the ejection outlet side end of the bubble is positive when the bubble communicate with the ambience. 

Figure 8 is graphs of the first order differential and the second order differential (the first order differential of the 
35 moving speed) of the displacement of the ejection outlet side end of the bubble from the ejection outlet side end of the 
heater until the bubble communicates with the ambience. It will be understood that the above discussed problems arise 
in the case of a curve A in Figure 8, (a) and (b), where the first order differential of the moving speed of the ejection 
outlet side end of the bubble is positive. 

Curves B in Figure 8, (a) and (b) represent the third specific embodiment using the concept of Figure 7. The cre- 
40 ated bubble communicates with the ambience under the condition that the first order differential of the moving speed of 
the ejection outlet side end of the bubble. By doing so, the volumes of the liquid droplets are stabilized, so that high qual- 
ity images can be recorded without ink mist or splash and the resulting paper and apparatus contamination. 

Additionally, since the kinetic energy of the bubble can be sufficiently transmitted to the ink, the ejection efficiency 
is improved so that the clogging of the nozzle can be avoided. The droplet ejection speed is increased, so that the ejec- 
ts tion direction can be stabilized, and the required clearance between the recording head and the recording paper can be 
increased so that the designing of the apparatus is made easier. 

The principle and structure are applicable to a so-called on-demand type recording system and a continuous type 
recording system. Particularly, however, it is suitable for the on-demand type because the principle is such that at least 
one driving signal is applied to an electrothermal transducer disposed on a liquid (ink) retaining sheet or liquid passage, 
so the driving signal being enough to provide such a quick temperature rise beyond a departure from nucleation boiling 
point, by which the thermal energy is provided by the electrothermal transducer to produce film boiling on the heating 
portion of the recording head, whereby a bubble can be formed in the liquid (ink) corresponding to each of the driving 
signals. By the production, development and contraction of the bifcible, the liquid (ink) is ejected through an ejection out- 
let to produce at least one droplet. The driving signal is preferably in the form of a pulse, because the development and 
55 contraction of the bubble can be effected instantaneously, and therefore, the liquid (ink) is ejected whh quick response. 

The present invention is effectively applicable to a so-called full-line type recording head having a length corre- 
sponding to the maximum recording width. Such a recording head may comprise a single recording head and plural 
recording head combined to cover the maximum width. 

In addition, the present invention is applicable to a serial type recording head wherein the recording head is fixed 
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on the main assembly, to a replaceable chip type recording head which is connected electrically with the main appara- 
tus and can be supplied with the ink when it is mounted in the main assembly or to a cartridge type recording head hav- 
ing an integral ink container. 

The provisions of the recovery means and/or the auxiliary means for the preliminary operation are preferable, 
s because they can further stabilize the effects of the present invention. As for such means, there are capping means for 
the recording head, cleaning means therefor, pressing or sucking means, preliminary heating means which may be the 
electrothermal transducer, an additional heating element or a combination thereof. Also, means for effecting preliminary 
ejection (not for the recording operation) can stabilize the recording operation. 

As regards the variation of the recording head mountable, it maybe a single corresponding to a single color ink, or 
io may be plural corresponding to the plurality of ink materials having different recording color or density. The present 
invention is effectively applicable to an apparatus having at least one of a monochromatic mode mainly with black, a 
mufti-color mode with different color ink materials and/or a full-color mode using the mixture of the colors, which may 
be an integrally formed recording unit or a combination of plural recording heads. 

The description will be made as to the embodiments for the respective conditions. 

15 

Embodiment 1 for the first condition 

A recording head shown in Figure 4 was produced with the following conditions: 

20 Top plate 6: glass 

height and width of the liquid passage 12 of the recording head: 20 microns and 58 microns, respectively 
width and length of the heater 2: 28 microns and 18 microns 

Distance from the ejection outlet side edge of the heater to the ejection outlet: 20 microns 
Density of the liquid passages: 360 per inch 
25 Number of liquid passages 1 2 : 46 
Contents of the liquid: 

C.I. Food Black 2: 3.0 % by weight 
Diethyl eneglyool: 15.0 % by weight 
30 N -methyl -2-pyrrolidone: 5.0 % by weight 

Ion exchange water: 77.0 % by weight 

They are stirred in a container into a uniform mixture and is filtered with a Teflon fitter having a diameter of 0.45 
micron. The viscosity was 2.0 cps (20 °C). The ink was supplied into the liquid chamber 1 0 from the ink supply port 1 1 . 

35 upon the driving of the heater 2 of the recording head, pulsewise electric signals were applied to the heater 2. The 
voltage of the pulse wave was 9.0 v, and the pulse width was 5.0 micro-sec. The frequency was 2 KHz. 

The ejections of the ink through continuous 16 ejection outlets 5 were observed through a stroboscope micro- 
scope. It was confirmed that the bubble created by the heating communicates with the ambience approximately 2 micro- 
sec after the start of bubble creation. 

40 Figure 6 shows the changes, with time, of the volume Vd of the ink ejected through the ejection outlet and the first 
order differential dVd/dt of the volume Vd of the ink. The second order differential d 2 Vd/dt 2 is negative in the period from 
0.5 micro-sec after the start of the bubble creation to the communication of the bubble with the ambience approximately 
2 micro-sec layer, and therefore, the internal pressure of the bubble is lower than the ambient pressure. This was con- 
firmed with Figure 6. 

45 It has been investigated from the bubble volume V as to which is higher the bubble internal pressure or the ambient 
pressure, and it was confirmed that d 2 V/dt 2 ^ 0 was satisfied, so that the bubble internal pressure is not higher than the 
ambient pressure. 

The volume of the liquid was within the range of 1 4± 1 p-liter for all of the ejection outlets 5. The speeds of the liquid 
droplets was uniformly about 14 m/sec, and the speed and the uniformity was satisfactory for good recording operation. 
so Then, the 16 heaters 2 were supplied with such electric signals as to provide a checker pattern by the respective 
picture elements. The desired checker pattern was printed on the recording paper without non-uniformity. The image 
was enlarged and observed, and it was confirmed that the image was free from scattering of the ink, and therefore, with- 
out the foggy background. 

55 Embodiment 2 for the first condition 

The recording head shown in Figure 5 was used. The orifice plate 1 4 was made of transparent glass. 
The ejection outlets 5 a circle having a diameter of 36 microns at the surface side of the orifice plate. 
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Distance from the heater surface to the ejection outlet: 20 microns 
Size of the heater: 24x24 microns 
Density of the ejection outlets: 360 per inch 
Number of ejection outlets: 48 

5 

The same ink has in the embodiment 1 was supplied to the recording head. 

The heating conditions for the heater 1 2 of the recording head was 7.0 V and 4.5 micro-sec at the frequency of 2 
KHz. 

The ejections from the continuous 1 6 ejection outlets 5 were observed by the stroboscope microscope, ft was con- 
io firmed that the bubble created by the heating communicates with the ambience approximately 2.1 micro-sec after the 
start of the bubble creation. 

It was also confirmed that the second order differential d 2 V/dt 2 of the volume of the bubble was negative in the 
period from 0.5 micro-sec after the start of the bubble creation to ttie communication of the bubble with the ambience 
approximately 2.1 micro-sec later, and therefore, the bubble internal pressure is lower than the ambient pressure. 
is The volumes of the droplets were measured, and was within the range of 1 8 ± 1 p-lrter for all the nozzles. The speed 
of the liquid droplet was approximately 10 m/sec. 

Similarly to Embodiment 1 f the 1 6 heaters 2 were supplied with electric signals for formation of the checker pattern 
by the respective picture elements. A desired checker pattern was formed on the recording paper without non-uniform- 
ity. The checker pattern image was enlarged and observed, and it was confirmed that the image was free from the scat- 
20 tering of the ink and the background fog. 

Embodiment 3 tor the first condition 

The same recording head as in Embodiment 1 was used. The contents of the liquid were: 

25 

C.I. Direct Black 1 54: 3.5 % by weight 
Glycerin: 5.0 % by weight 
Diethylene glycol: 25.0 % by weight 

Polyethylene glycol: 28.0 % by weight (average molecular weight was 300) 
30 Ion exchange water: 38.5 % by weight 

They were stirred in a container into a uniform mixture and was filtered with a Teflon filter having a diameter of 0.45 
micron. The viscosity was 10.5 cps (20 °C). The other conditions were the same as in Embodiment 1 . 

It was confirmed that the bubble communicates with the ambience under the condition that the bubble internal pres- 
35 sure is lower than the ambient pressure. The ink ejection speed was lower than that of Embodiment 1 and was 7 mfeec. 
However, the ejections were very stable. 

Embodiments 4 - 1 2 for the first condition 

40 The recording head used had bent liquid passages similarly to the recording head used in Embodiment 2. The ink 
used was the same as in Embodiment 2. 

Table 1 shows the results of ejection of the respective recording heads. The structures of the recording heads are 
shown in Figures 9-17. 

As will be understood from Table 1, the volume and the ejection speed of the liquid droplets were very stable, and 
48 the resultant records was very good. 
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55 

Referring to Figures 9-17, the structures of the recording heads will be described. Each of these Figures include 
a top plan view, a sectional view taken along a line a-a and a cross-section taken along b-b to illustrate the configuration 
and position of the heat generating resistor 2. The ejection outlets 5 have the same configuration as the cross-section 
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of the passage from the heater 2 to the ejection outlet. However, as will be understood from Figure 1 B, the configuration 
may be properly selected. 

In Figures 9A and 9B P tiie heat generating resistor 2 is disposed on the base plate and is smaller than the cross- 
sectional area of the ejection passage. With this structure, the liquid passage is not blocked so that the action illustrated 
5 in Figure 1 B is further stabilized. 

In Figure 10, the center of the heat generating resistor 2 is deviated toward the end wall of the liquid passage. The 
area of the resistor 2 is approximately one half that of Figure 9. In Figure 10, the area at which the bubble communicates 
with the ambience is shifted to the end wall side. 

Figure 1 1 has the structure wherein the heat generating resistor 2 is deviated in the other way. 
ro In Figure 12, the heat generating resistor 2 is provided on the above-described end wall, in which the droplet has 
the configuration which is a mixture of Figure 1 A and Figure 1B configurations. This structure is advantageous in the 
good refilling performance. 

In Figure 13, the heat generating resistors 2 are provided on the opposite lateral walls. A high ejection speed can 
be provided by the unification of the two bubbles provided by the respective heat generating resistors 2. 
15 In Figure 14, the structure is a combination of Figure 13 structure and Figure 12 structure, as will be understood 
from the Figure. The number of bubble creating sources is 3. 

Figure 15 shows the structure which is a combination of Figure 1B structure and Figure 12 structure. 

Figure 16 shows the structure which is a combination of Figure 15 structure and Figure 13 structure. 

In Figure 17, the ejection outlet 5 is circular, and the heat generating resistor 2 is similar to that of Figure 9. 

20 

Embodiments 1 3 - 15 for the first condition 

The recording heads used had straight liquid passages as in the recording head of Embodiment 1. The ink used 
was the same as in Embodiment 1 . 
25 Table 2 shews the result of ejections for the recording heads. Figures 18-20 show the structure of the recording 
heads. 

As will be understood from Table 2, the volume of the ejected liquid and the ejection speed of the droplet were very 
stable in all of the cases, and the records were very good. 
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45 The structures of 18 A, 18B, 19 and 20 are modifications of the structure of Figure 1 A. 

In Figures 1 8A and 18B, an additional heat generating resistor 2 is provided at a side facing the base plate, in addi- 
tion to the heat generating resistor 2 on the base plate in the liquid passage. They are simultaneously driven, by which 
the center of the ejection can be shifted to the center of the ejection outlet. By doing so, the ejection becomes similar 
to that of Figure 1B. 

so Figure 1 9 shows a structure which has the advantages of Figure 1 A and Figure 1 B structures, so that a tail of the 
liquid droplet can be shifted to the center of the ejection. In Figure 20, the ejection outlet of Figure 1 A is converged in 
the ejection direction. 

In all of these embodiments, the bubble communicates with the ambience under the condition that the internal pres- 
sure of the bubble is lower than the external pressure, so that the gas in the bubble is prevented from exploding. As a 
55 result, the background fog on the recording paper or the contamination of the inside of the apparatus attributable to the 
mist or splash of the ink can be prevented. 

In addition, the kinetic energy of the bubble can be sufficiently transmitted to the ink, and therefore, the ejection effi- 
ciency is improved. 

The description will be made as to the embodiments for the third condition. 
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Embodiment 1 for the third condition 

In this embodiment, the recording head shown in Figure 4 was used with the following conditions: 

s Top plate 4: glass 

Height, width and length of the liquid passage 12: 25 microns, 35 microns and 195 microns 
Width and length of the heater: 30 microns and 25 microns 

Distance from the ejection outlet side edge of the heater to the ejection outlet: 20 microns 
Density of the liquid passages and ejection outlets: 360 per inch 
io Number of ejection outlets: 48 

The contents of the liquid were as follows: 

C.I. Food Black 2: 3.0 % by weight 
Diethylene glycol: 1 5.0 % by weight 
is N-methyl-2-pyrrolidone: 5.0 % by weight 

Ion exchange water: 77.0 % by weight 

They were stirred in a container into a uniform mixture and were filtered with a Teflon filter having an aperture diam- 
eter of 0.45 micron. The viscosity of the liquid was 2.0 cps (20 °C). The ink was supplied into the liquid chamber 10 
20 through the ink inlet port 1 1 . 

The heating conditions by the heater 2 were 9.0 V and 5.0 micro-sec at the frequency of 4 KHz. 

The ink ejections through the consecutive 16 nozzles were observed using a pulse light source and a microscope. 
It was confirmed that the bubble communicates with the ambience approximately 2.0 micro-sec after the start of the 
bubble creation. In addition, was measured from the start of the bubble creation to the communication of the bubble 
25 with the ambience. Figure 20 shows the results in the form of a graph of vs. time. 

As will be understood from Figure 21 , when the bubble communicates with the ambience, the condition I a /l b ^ 1 
was satisfied. The independent droplets ejected from the ejection outlets were 1 5 ± 1 p-liter. The ejection speed of the 
droplet was approximately 1 1 mfeec. 

The 16 heaters 2 were supplied with such electric signals as to provide a checker pattern by the respective picture 
so elements. It was confirmed that a desired checker pattern was formed on the recording paper without non-uniformity of 
the print. The image was enlarged and observed, and it was confirmed that the image was free from the ink scattering 
and the background fog. 

Embodiment 2 for the third condition 

35 

The recording head used in Embodiment 1 for the third condition (Figure 4) was used. The contents of the liquid 
were: 

CI. Direct Black 154: 3.5 % by weight 
40 Glycerin : 5.0 % by weight 

Diethylene glycol: 25.0 % by weight 

Polyethylene glycol: 28.0 % by weight (average molecular weight was 300) 
Ion exchange water: 38.5 % by weight 

45 They were stirred in a container into a uniform mixture and were filtered with a Teflon filter having an aperture diam- 
eter of 0.45 micron. The viscosity was 1 0.5 cps (20 °C). The ink was supplied and ejected. 

As a result, it was confirmed that the ejection speed is lower than in Embodiment 1, more particularly, 7.5 msec. 
However, the ejections were very stable. 

Since the third condition is satisfied, that is, since the bubble communicates with the ambience when I J\ b == 1 is 
so satisfied, where ^ is a distance from an ejection outlet side end of the heater and an ejection outlet side end of the bub- 
ble, and lb is a distance from that end of the heater remote from the ejection outlet and that end of the bubble remote 
from the ejection outlet, the kinetic energy of the bubble can be sufficiently transmitted to the ink, and therefore, the 
ejection efficiency is increased, by which the contamination of the background on the recording paper and the contam- 
ination of the inside of the apparatus due to the mist and/or the splash can be prevented, and in addition, the clogging 
55 of the nozzles can be prevented. 

Furthermore, the time required for the cavity adjacent the ejection outlet after the ejection of the liquid droplet to be 
filled with the new ink can be reduced, so that the speed of the recording is further increased. 

Because the ejection speed is increased, the direction of the droplet ejection is stabilized, so that the distance 
between the recording head and the recording paper may be increased, thus making the designing of the recording 
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head easier. 

As described hereinbefore, the second condition is that the first order differential of the movement speed of the 
ejection side end of the bubble is negative (the acceleration speed is not positive), the ink adjacent to the communicat- 
ing part is not imparted with an extremely high acceleration, and therefore, the ink adjacent the communicating part is 
5 not splashed or pulverized into mist, but the ink is unified with the main droplet, and therefore, the background contam- 
ination of the record and the contamination of the inside of the apparatus can be prevented. 

Because of the communication of the bubble with the ambience under the condition that the moving speed of the 
ejection outlet side end of the bubble is negative, the kinetic energy of the bubble can be sufficiently transferred to the 
ink, and therefore, the ejection efficiency is improved. In addition, since the bubble communicates with the ambience 
ro after the bubble volume is increased, and therefore, almost all of the ink adjacent to the ejection outlet is able to com- 
municate with the ambience, so that the ejection volume can be stabilized. In addition, the ink does not remain adjacent 
the ejection outlet, and therefore, the possible ejection failure attributable to the introduction of the air into the ink in the 
liquid passage, can be avoided. 

The description will be made as to the method of determining the moving speed of the ejection outlet side end of 
75 the bubble and the first order differential of the moving speed. 

The position of the ejection outlet side end of the bubble at the respective times after the start of the bubble creation 
can be observed by a microscope wherein the bubble is illuminated from the top or side with pulse light such as strobo- 
scope (LED) or laser. More particularly, as shown in Figures 22A and 22B, wherein the ejection process is shown, the 
change, with time, of the displacement Xb_ h of the ejection outlet side end of the bubble from the ejection side end of the 
20 heater from the start of the bubble creation to the communication of the bubble with the ambience. On the basis of the 
measurements, a first order differential dx^dt of the displacement is obtained, by which the moving speed vx of the 
ejection outlet side end of the bifeble is obtained. Then, the first order differential dvx/dt of the moving speed (the sec- 
ond order differential d^j/cft of the displacement) can be obtained. 

Here, it is required that the bubble can be observed directly or indirectly from the outside. In order to permit observ- 
es ance of the bubble externally, a part of the recording head is made of transparent material. Then, the creation, devel- 
opment or the like of the bubble is observed from the outside. If the recording head is of non-transparent material, a top 
plate or the like of the recording head may be replaced with a transparent plate. For the better replacement from the 
standpoint of equivalency, the hardness, elasticity and the like are preferably as close as possible with each other. 
If the plate of the recording head is made of metal, non-transparent ceramic material or colored ceramic material, 
so it may be replaced with transparent plastic resin material (transparent acrylic resin material) plate, glass plate or the 
like. The part of recording head to be replaced and the material to replace are not limited to the described above. 

In order to avoid difference in the nature of the bubble formation or the like due to the difference in the nature of the 
materials, the material to replace preferably has the wetting nature relative to the ink or another nature which is as close 
as possible to that of the material. Whether the bubble creation is the same or not may be confirmed by comparing the 
35 ejection speeds, the volumes of the ejected liquid or the like before and after the replacement. If a suitable part of the 
recording head is made of transparent material, the replacement is not required. 
The embodiments for the second condition will be described. 

Embodiment 1 for the second condition 

40 

In these embodiments, the recording head as shown in Figure 4 was used with the following conditions: 
Top plate: glass 

Height and width of the liquid passage 12: 25 microns and 35 microns 
45 Width and length of the heater: 30 microns and 25 microns 

A distance from the ejection outlet side end of the heater to the ejection outlet: 25 microns 

Density of the liquid passages and ejection outlets: 360 per inch 

Number of ejection outlets: 48 

The contents of the ink were as follows: 

50 

CI. Food Black 2: 3.0 % by weight 
Diethylene glycol: 15.0 % by weight 
N-methyl-2-pyrrolidone: 5.0 % by weight 
Ion exchange water: 77.0 % by weight 

55 

They were stirred in a container into a uniform mixture and were filtered with a Teflon filter having an aperture diam- 
eter of 0.45 micron. The viscosity of the ink was 2.0 cps (20 °C). The ink was supplied into the liquid chamber 10 
through an ink supply port 1 1 . 

The heating conditions of the heater 2 of the recording head were 9.0 V and 5 micro-sec at the frequency of 2 KHz. 
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The ejections of the ink through consecutive 16 nozzles were observed by a microscope using a pulse light source. 
It was confirmed that the bubble communicates with the ambience approximately 2 micro-sec after the start of the bub- 
ble creation. The displacement of the ejection outlet side end of the bubble from the ejection outlet side end of the 
heater was measured from the start of the bubble creation to the communication of the bubble with the ambience, and 
s it was confirmed that the first order differential of the moving speed of the ejection outlet side end of the bubble is neg- 
ative. 

The volume of the ejected liquid droplet was 18 ± 1 p-liter for each of the nozzles. The speed of the droplet was 
approximately 9 nVsec. 

The 1 6 heaters 2 were supplied with such electric signals as to provide a checker pattern by respective picture ele- 
io merits. A desired checker pattern was uniformly formed on the recording paper. The image was enlarged and observed, 
and it was confirmed that the ink scattering and the background fog were smaller than the conventional head. 

Embodiment 2 for the second condition 

is The recording head shown in Figure 5 was used in this embodiment with the following conditions: 

Ejection outlet circle of diameter: 32 microns 
Heater size: 22x22 microns 

Distance from the heater surface to the ejection outlet: 25 microns 
20 Density of the liquid passages and ejection outlets: 360 per inch 
Number of ejection outlets: 48 

The same ink as in Embodiment 1 for the second condition was used. 

The heating conditions by the heater 2 of the recording head were 9.0 V and 5 micro-sec at the frequency of 2 KHz. 

25 The ejections through the consecutive 16 nozzles were observed using a microscope and a pulse light source. It 
was confirmed that the bubble communicates with the ambience approximately after 3 micro-sec from the start of bub- 
ble creation. The displacement of the outlet side end of the bubble from the outlet side end of the heater was measured 
from the start of the bubble creation and the communication of the bubble with the ambience, it was confirmed that the 
first order differential of the moving speed of the outlet side end of the bubble is negative. The volume of the independ- 

so ent droplet was 1 7 ± 1 p-liter for each of the nozzles. The speed of the droplet was approximately 7 m/sec. 

The 16 heaters 2 were sLpplied with such electric signals as to provide a checker pattern by the respective picture 
elements, it was confirmed that a desired checker pattern was formed on the recording paper without non-uniformity of 
the print. The image was enlarged and observed, and it was confirmed that the image was free from the ink scattering 
and the background fog. 

35 

Embodiment 3 for the second condition 

The recording head used in this embodiment was the same as the recording head used in Embodiment 1 for the 
second condition (Figure 4). 
40 The contents of the ink were as follows: 

C.I. Direct Black 154: 3.5 % by weight 
Glycerin: 5.0 % by weight 
Diethyl ene glycol: 25.0 % by weight 
45 Polyethylene glycol: 28.0 % by weight (average molecular weight was 300) 
Ion exchange water: 38.5 % by weight 

They were stirred in a container into a uniform mixture and was filtered with a Teflon filter having an aperture diam- 
eter of 0.45 micron. The viscosity was 10.5 cps (20 °C). As a result, the ejection speed was lower than that of Embod- 
so imerrt 1 for the second condition, and was 6 m/sec. However, it was confirmed that the ejections were stable. 

By communicating the bubble with the ambience under the second condition, that is the first order differential of the 
moving speed of the outlet side end of the bubble is negative, the contamination of the background of the record and 
the contamination of the inside of the apparatus attributable to the ink mist or the splash can be prevented with further 
certainty. 

55 In addition, the kinetic energy of the bubble can be sufficiently transmitted to the ink, and therefore, the ejection effi- 
ciency is improved. In addition, the clogging of the liquid passage can be prevented. In addition, the ejection speed of 
the liquid droplet is increased, so that the direction of the ejection of the droplet can be stabilized. This permits increase 
of the distance between the recording head and the recording paper, so that the designing of the apparatus is made 
easier. 
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As described in the foregoing, according to the present invention, the ambience communication type recording 
head or apparatus is made practical in the field of the recording apparatus industries. In the foregoing embodiments, 
the heat generating resistor has been used, the present invention is applicable to the system in which the film boiling is 
produced by the light energy or to a system wherein the film boiling is produced by a converter which converts light 
energy or electromagnetic wave to thermal energy. 

While the invention has been described with reference to the structures disclosed herein, it is not confined to the 
details set forth and this application is intended to cover such modifications or changes as may come within the scope 
of the following claims. 

Claims 

1 . A method for discharging liquid for recording, comprising the steps of: 

providing a liquid passage communicating with an ejection outlet with liquid, 
providing the liquid with heat generated by an ejection energy generating element, 

creating a bubble in the liquid by the heat so that liquid is ejected through the ejection outlet, wherein, when the 
liquid is ejected, the bubble communicates with the ambiance, 
characterized In that 

in the communicating step the bubble communicates with the ambiance under the condition that an internal 
pressure of the bubble is lower than the pressure of the ambience. 

2. A method according to claim 1 , wherein the liquid passage is not blocked when the bubble communicates with the 
ambiance. 

3. A liquid jet apparatus comprising a recording head having an ejection outlet for ejecting ink, a liquid passage com- 
municating with the ejection outlet and an ejection energy generating element for generating thermal energy con- 
tributable to the ejection of the ink by creation of a bubble in the liquid passage, characterized by a driving circuit 
for supplying a signal to the ejection energy generating means so that in the communicating step the bubble com- 
municates with the ambiance under the condition that an internal pressure of the bifeble is lower than the pressure 
of the ambience, and a platen for supporting a recording material for reception of the liquid ejected. 

PatentansprQche 

1. Verfahren zum Abgeben von FIGssigkeit zur Aufzeichnung mit den folgenden Schritten: 

Vorsehen eines FIGssigkeitskanales, der mit einer Ausstofttiffhung mit FIGssigkeit in Verbindung steht, 
Versehen der Flussigkeit mit warme, die von einem AusstoBenergieerzeugungselement erzeugt wurde, 
Erzeugen einer Blase in der FIGssigkeit durch die Wfirme, so daft FIGssigkeit durch die AusstoBOffnung aus- 
gestoBen wird, wobei beim AusstoGen der Flussigkeit die Blase mit der Umgebung in Verbindung steht, 

dadurch gekennzeichnet, daB 
im Verbindungsschritt die Blase mit der Umgebung unter der Bedingung in Verbindung steht, daft der Innen- 
druckder Blase geringer ist als der Druckder Umgebung. 

2. Verfahren nach Anspruch 1 , bei dem der Flussigkeitskanal nicht blockiert wind, wenn die Blase mit der Umgebung 
in Verbindung steht. 

3. Flussigkeitsstrahlvorrichtung mit einem Aufzeichnungskopf, der eine AusstoBdffnung zum AusstoGen von Tinte, 
einen Flussigkeitskanal, der mit der AusstoBOffnung in Verbindung steht, und ein Ausstoftenergieerzeugungsele- 
ment zum Erzeugen von thermischer Energie, die zum AusstoGen der Tinte durch Erzeugung einer Blase im Flus- 
sigkeitskanal beitrfigt, aufweist, gekennzeichnet durch eine Antriebsschaftung zum ZufGhren eines Signales zur 
AusstoGenergieerzeugungseinrichtung, so daG im Verbindungsschritt die Blase unter der Bedingung mit der 
Umgebung in Verbindung steht, daG der Innendruckder Blase geringer ist als der Druckder Umgebung, und eine 
Walze zum Lagern eines Aufzeichnungsmateriales zur Aufnahme der ausgestoBenen FIGssigkeit. 

Revendications 

1. Proc6dG pour d6charger un liquide pour un enregistrement, comprenant les 6tapes consistent k : 
introduire un liquide dans un passage pour liquide, communiquarrt avec une sortie dejection, 
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appliquer au liquide une chaleur produite par un 6l6merrt de production d'une enengie d ejection, 
order une bulle dans le liquide sous I'effet de la chaleur de telle sorte que le liquide est 6ject6 par la sortie 
dejection, auquel cas, lorsque le liquide est 6jectG P la bulle communique avec I'environnement, 
caract6ris6 en ce que 

lors de I'ftape de communication, la bulle communique avec I'environnement dans la condition telle qu'une 
pression interne de la bulle est infGrieure £ la pression de I'environnement. 

Proc€d£ selon la revendication 1, selon lequel le passage pour le liquide n'est pas UoquS lorsque la bulle commu- 
nique avec rerwironnemerrt. 

Appareil & jet de liquide comprenant une t§te d'enregistrement poss6dant une sortie dejection pour gjecter de 
I'encre, un passage pour liquide communiquarrt avec la sortie dejection, et un SIGment de production d'une 6nergie 
dejection pour produire une gnergie thermique contribuant & Sjecter I'encre par creation d'une bulle dans le pas- 
sage pour liquide, caract£ris6 par un circuit de command© pour envoyer un signal aux moyens de production de 
I'gnergie dejection de telle sorte que, lors de l'€tape de communication, la bulle communique avec I'environnement 
dans la condition telle qu'une pression interne de la bulle est infgrieure & la pression de I'environnement, et par inne 
plaque servant k supporter un mat&riau d'enregistrement pour la reception du liquide 6ject6. 
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FIG. 6B 
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